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Real Costs of Nuclear 
Projects 


Financial Times - Opinion Inside Business 27 Jan 2019 
"Nuclear Is less costly than you 
think" 

* Analysis for the Energy Technologies Institute 
(an organisation backed by the government 


and a number of energy companies) looked at 
34 delivered nuclear projects round the world. 


e First of a Class in USA/EU 
$9,000-$12,000/kWe 


«1596 > $5,500/kWe 
«45% $5,500-$3,500/kWe 
e40% < $3,500/kWe 


https://www.ft.com/content/1859ab32-2230-11e9-8ce6-5db4543da632?segmentid=acee4131-99c2-09a3- 
a635-873e61754ec6 


EM of|lAUEWEIJ 
si EE m e Dot CHE 


Vtt 2PBUIN 
zi; suede} 
ci ueuste | 
CH ƏP3UIN 
ct ueuiues 
T# BueAtey 
T# Ueyste] 
TH uawues 
Zu aPBUIN 
apgul 
EEE aie 
men a DACH 
apad ee vg ov Sur 
mmm EE Dm 
penn onn ep oy Sun 
EEE IEEE z# UeMUEIL 
SS] ESS SS ee : 


T4 ue^uel| 


ER ULUIJEN 


ee 9# UIYIIN 
SSE ee cs uli 
Dm AG" 74 ov Sun 
nen Off SUEASSUOJ 
[ml AULAE TH ov Sum 
miss! GH SULMBJUOA 
EEE 


TH XneAI) 

men SCENE EN Keen GERD 
——— Pn md i ejr 
EEE E ee es ES ES EE dE 


eme ncs uz de ANA 
eg gem E cUm 
ae mn RH 
ae EE Lu: Se ECO 
a uen Ee dE 
MEE a mun den 
mmm mn mn 
NN NINE nn iin 
E E eg dE SÉ 
EE E Een GET 
geg GE EE E 
Ee Ee GOEN 
e eg E ere 
qe a, 
mme mmm nne een 
men n eege ie 
EE m SE 
mn pm WE d'Ee 


First Concrete to Commercial Operation 
Sorted by Completion Date 
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Construction duration (years) 
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World Experience of Nuclear 
Construction Times 


Bi China WM France $ South Korea MUK Us O 500MW C) 2,500MW ® 7,500MW 


Current Export Contracts 


(public statements, various scope including fuel and O&M) 


Country Reactor Capacity Cost $/kWe 

Pakistan  HPR-1000x1 1060MW $3bn $3 283/kW 
India VVER-1000x4  917MW $12bn $3 293/kW 
China VVER-1200x4 1100MW $18bn $4 091/kW 
UAE APR-1400x4 1337MW $22bn $4 114/kW 
Belarus VVER-1200x2 1110MW $10bn $4 505/kW 
Pakistan HPR-1000x2 1014MW $10bn $4 734/kW 
Turkey VVER-1200x4 1114MW $22bn '$4 937/kW 
BangladesWVER-1200 x2 1 080MW $13bn $5 856/kW 
Hungary VVER-1200x2 1100MW $14bn $6 364/kW 
Egypt VVER-1200x4 1100MW $29bn '$6 534/kW 
UK EPR x2 1650MW $30bn $9 061/kW 


iat domestic projects in China, S Korea, Russia and India are quoted as below $3 


Impact of Standardised Fleet Build - Practice 


T Localization Process of CGNPC's projects - Unit 1 Chinese CPR1000 
d Ma! Und component localisation 


ass >85% over sustained fleet build 
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S Korean OPR cost ' 77.9% 


reductions ina 
, YGN 3,4 UCN 34  YGN 5,85 UCN5,6 SKN 1,2 Next 
mature industry due to 1% Project 2°% Project 3% Project ` 4^Project ` 5" Project Project 


standardised design 


Impact of CAPEX and NDR 


SC E Plant Life = 60yrs 


Load Factor = 9096 
O&M + Fuel = $20.00/MWh 
$ 120/MWh Capex spend over 72mths 
== $2,500/kWe 
— S3,000/kWe 
S 100/MWh =ġ= 53,500/kWe 
== S4,000/kWe 
== S4,500/kWe 
— $5,000/kWe 


$ 80/MWh 
= $5,500/kWe 


= S6,000/kWe 


$ 60/MWh 


$ 40/MWh 


$ 20/MWh 


Projected Costs of Generating 


Electricity 
2015 Edition 


Figure ES.1: LCOE ranges for baseload technologies (at each discount rate) 
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Eskom ECA Financing Rates - 


FY 2020 
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Interest rate 


2020 
26 


1.49 
1.25 
0.57 
4.74 
2.48 
9.06 
2.32 


2019 
% 


1.58 
0.89 
0.66 
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2.49 
9.35 
2.32 
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Maturity 


date 
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Sep 23 
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Group Company 


Carrying value 


2020 
Rm 


32 746 


Carrying value 


2019 2020 2019 
Rm Rm Rm 


31 782 32746 31782 


ESKOM HOLDINGS SOC LTD | 87 


Can one get funding? 


Russia to lend Egypt $25 billion to build nuclear power plant 


CAIRO (Reuters) - Russia will loan Egypt $25 billion to finance building and 
operating a nuclear power plant in Egypt, the official gazette said on 
Thursday. 


Egypt and Russia signed an agreement on Nov. 19 for Russia to build 
Egypt's first nuclear power plant in Egypt and to extend Egypt a loan to 
cover the cost of construction. 


It was not clear at the time what the deal was worth, but Egypt's 
president Abdel Fattah al-Sisi said the loan would be paid off over 35 
years. 


Egypt will pay an interest rate of 3 percent annually, according to the 
country's official gazette. Installment payments will begin on Oct. 15, 
2029. 


"The loan will be used by the Egyptian side for a period of 13 years 
between 2016-2028 ... the Egyptian side will repay loan amounts used 
over 22 years in 43 installments," the gazette said. 


Standard & Poor's rates Egypt at B and RSA at BB- 
REUTERS - MAY 19, 2016 / 1:41 PM 


Can Nuclear be Built Fast 
Enough? 


How fast can nuclear be 
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Impact of Intermittency on 
Tariff 


Residential electricity price €cent / KWh 
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Europe Electricity Price v Installed 
Wind + Solar Capacity 


y = 0.0186x + 12.302 
R? = 0.84624 
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Electricity price (US cents per kwh) 
and wind/solar share 
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Western Australia "Duck 
Curve" 
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Potential for 
grid instability” 


The Full Costs of 
Electricity Provision 


@)) OECD d O NEA 


& OECD 2018 Figure ES.3: Grid-level system costs of selected generation technologies 
NEA No. 7441 for shares of 10% and 30% of VRE generation 


BConnection costs I T&D grid costs OS Balancing costs B Utilisation costs 


Bo HWH E & 


Total system costs (US D/M'W hi 
in 


e in 


Impact on Carbon 
Emissions 


Carbon intensity of European states, ranked by median value, summer 2017 


Statistical analysis with hourly granularity Keen 
summer 2017 
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CO2 intensity [gCO2eq/kWh] 
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electricity generation (abscissa) compared to CO2 intensity (ordinate) 
From 01/01/2021, 00:00 to 01/01/2022, 00:00 
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@BotElectricity v0.7 
Sources: ENTSO-E, IPCC 


[BE] Belgium 
[CH] Switzerland 
[DE] Germany 
[DK] Denmark 
[ES] Spain 
[FR] France 
[IT] Italy 

[NO] Norway 
[PL] Poland 
[PT] Portugal 
[SE] Sweden 


Corelation of Electricity 
and GDP 


Abundant and reliable electricity for economic 
growth 


Per Capita GDP versus Total Energy Consumption 
Norway 
SSES Switzerland e |, 
y = 965.27x08142 DN ik a nd 
er. 
á R?- 0.8159 4$. Sa" 
E > Bahrain 
= E 
a e 
w 
2 10000 
a $ 
= Angola Per ^ 
ef + rkmenistan 
= raing 
a ó E 
d Sudan P 
e + Uzbekistan 
3 dE. 
= 1000 Chad 
Afghanistan MÉ 
= e é Zimbabwe 
raLeone + * * 
100 + 
0.0 0.1 1.0 10.0 100.0 1,000.0 
Annual Total Energy Consumption, BOE per capita 


What are Small Modular 
Reactors? 


(SMRS) 


What Are the Aims of 
SMRs? 


e SMR = Small Modular Reactor < 300 MW (some are 
now 500 MW or more) 


* Manufactured under controlled conditions in factories 
-economy of scale 


* Three types: Large grid, Small Grid, Off-Grid 

* Passive and inherently safe 

* Reduced operating and maintenance costs 

* Carbon free baseload, synergy with renewables 


* Centralized remote operation of multiple SMRs with 
single operating team 


Small Modular Reactor 


Status 


(over 70 projects in development) 
DesignC [Country Type Status [Power | 


KLT-40s Russia 
ERG AE China 


Carem- Argentina 
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SMART S. Korea 


Russia 

300 Japan 
Russia 
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Water Cooled 


Water Cooled 
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Water Cooled 
Water Cooled 
Water Cooled 
Water Cooled 


Water Cooled 
Gas Cooled 
Liquid Metal 
Lead 
Bismuth 


In Operation 35 MWe 
In Operation 210 MWe 
In Construction 32 MWe 
Construction 125 MWe 
2021 

Construction 300 MWe 
2021 

In Design 60MWe 
In Design 107MWe 
In Design 355MWe 
In Design 280MWe 
In Design 53MWe 
In Design 83MWe 
In Design 10MWe 
In Design 100MWe 


Actual Small Modular 
Reactors 


Akademik Lomonosov - FNPP HTR-PM 


Water Cooled SMRs 


Refueling Machine Biological Shield Reactor Bullding Crane 


Spent Fuel Pool Reactor Vessel Containment Vessel Reactor Pool NuScale Power 
Flange Tool Flange Tool Module 


Pebble Bed Modular 
Reactor 
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FLIEL ELEMENT DESIGN FOR PBMR 


,, 5mm Graphite layer 
i _ Coated particles imbedded 
^ in Graphite Matrix 


Dia. 60mm 


Fuel Sphere 


m | — P yrolytic Carbon 40/1000mm 

^ Silicon Carbide Barrier Coating 35/1000mm 
ae Inner P yrolytic Carbon 40/1000mm 
_-Porous Carbon Buffer 95/1000mm 


Dia. 0,92mm Ce 
TRISO 
Dia.0,5mm 


Coated Particle Uranium Dioxide 
Fuel Kernel 


Final Thoughts? 


Our World 


ee What are the safest and cleanest sources of energy? 


K N 


Death rate from accidents and air pollution Greenhouse gas emissions 
Measured as deaths per terawatt-hour of energy production. Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant. 
1terawatt-hour is the annual energy consumption of 27,000 people in the EU. 1 gigawatt-hour is the annual electricity consumption of 160 people in the EU. 
2 AA S Coa! games 
25% of global ener 
Ne 1230-times higher than solar Wad d 273-times higher than nuclear energy A 


31% of global 
A 263-times higher than nuclear energy STEET 


28 deaths BONN Natural Gas 


23% of global energy 


4.6 deaths Biomass 
EA 7% of global energy 


0.02 deaths | Hydrop ropower B 34 tonnes 


global energy 


Nuclear energy |3tonnes 


496 of global energy 


0.04 deaths. Wind | 4 tonnes 


2% of global energy 


180-times higher than wind 
490 tonnes 


0.07 deaths* 


0.02 deaths. Solar |5 tonnes 
1% of global energy 


*Life-cycle emissions from biomass vary significantly depending on fuel (e.g. crop resides vs. forestry) and the treatment of biogenic sources. 
*The death rate for nuclear energy includes deaths from the Fukushima and Chernobyl disasters as well as the deaths from occupational accidents (largely mining and milling). 
Energy shares refer to 2019 and are shown in primary energy substitution equivalents to correct for inefficiencies of fossil fuel combustion. Traditional biomass is taken into account. 
Data sources: Death rates from Markandya & Wilkinson (2007) in The Lancet, and Sovacool et al. (2016) in Journal of Cleaner Production; 
Greenhouse gas emission factors from IPCC AR5 (2014) and Pehl et al. (2017) in Nature; Energy shares from BP (2019) and Smil (2017). 
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser. 


Who has already decarbonized* 
their electricity grid? 


Ontario 60% France Brazil 64% 
AAN ° 
Sweden 


Switzerland inis How did they do it? 


They all use constant hydro or BE Nuctear DE Hydro 


nuclear power along with | 
Finland P : Wind WD) solar 


intermittent solar and wind power. 
93% MA Geo/Biomass ER Fossil Fuels 


*Only seven mostly decarbonized grids with populations over 5 million 
Source: "Electricity Generation (TWh), 2020" https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world- 
Norway energy.html, "Yearly Energy Output by Fuel Type" https://ieso.ca/en/Power-Data/Supply-Overview/Transmission-Connected-Generation 


